Abstract
facturing (25.9%), mining and quarrying (21.2%), agriculture, forestry, hunting and fishing (20.5%), education (13.7%), human health and social work activities (7.7%) and construction (4%) ( Table 1) .
The average number of persons employed in mining and quarrying (Section B) was 180.4 thousand; the largest group in that category (73.8%) were the miners of coal and lignite. In this section of the economy in the period under analysis, there were 1828 cases of occupational diseases, including only 6 women. This was the section with the highest average annual incidence rate (337.8), which exceeded over 16-fold the nation-wide average incidence rate ( Table 2) .
Predominant diseases among miners included pneumoconioses (79.8%), hearing loss (10.2%), vibration syndrome (5.8%), cancer (1.7%) and musculoskeletal disorders (1.3%). In the case of pneumoconioses, was coal miners pneumoconiosis most frequent (94%), while the numbers of the other types were much lower: silicosis (3.6%) and pneumoconiosis with tuberculosis (2%); single cases of welder's pneumoconiosis and asbestosis were also reported.
Occasionally, there were also single cases of obstructive bronchitis, diseases of the peripheral nervous system in the form of carpal tunnel syndrome, skin diseases including allergic contact dermatitis, pleural disease caused by asbestos dust, asthma and Lyme disease.
The mean age of the pneumoconiotic subjects was 56.5 years. Every fourth case of silicosis (27.4%) was recognized at the retirement age; in three cases, pneumoconiosis was recognized posthumously. The period of employment of persons with recognized silicosis was approximately 24 years; in 86% of the subjects the period of employment was longer than 20 years.
In the analyzed period, there were 31 cases of malignant tumors, including 29 lung cancers and 2 cases of pleural mesothelioma. The average age of people with recognized occupational cancer was almost 62 years. In 11 cases, the tumors were recognized at the retirement age, and in 11 cases were recognized post-mortem. The average period of employment of people with recognized occupational cancer was almost 23 years; for 74.2% of those people, the period of employment was over 20 years. Occupational diseases in the mining and quarrying industry were recorded after a relatively long period of service; in approximately 86% of cases it was 20 years and longer (Table 3) .
The incidence of occupational diseases in mining was characterized by a very advanced age of people in whom the occupational disease had been recognized.
INTRODUCTION
This paper examines the incidence of occupational diseases in Poland in order to identify the sections and divisions of the national economy with the highest risk of adverse factors responsible for the development of diseases recognized according to the current criteria as occupational.
MATERIAL AND METHODS
The analysis of the incidence of occupational diseases was based on occupational disease reporting forms that had been sent from all of the territory of Poland to the Central Register of Occupational Diseases during 2009--2011. The analysis takes into account the diseases specified in the currently valid list of occupational diseases published in 2009 (1). The content of that is in line with the European Schedule of Occupational Diseases (Commission Recommendation, September, 2003) . The Polish list, in addition to the diseases listed in Annex I of the European Schedule, includes also voice disorders caused by excessive vocal effort specified in Annex II. The number of cases of occupational diseases were analyzed by sections and divisions of the national economy specified in the Polish Classification of Activities (2) . In order to avoid random fluctuations in the number of the diseases in different years, average annual incidence rates per 100 thousand of people employed in sections and divisions of the national economy were used. The coefficients were calculated from data published in the Central Statistical Office (Główny Urząd Statystyczny -GUS) year books (3) (4) (5) .
RESULTS
In the period 2009-2011 in Poland, 8,641 cases of occupational diseases were recorded, which corresponds to the average annual number of new cases slightly above 2880, and to the average annual incidence rate of 20.6 per 100 thousand employed people. The number of cases in 2011 compared to 2009 decreased by 18.6%.
The most frequently recognized diseases included contagious and parasitic diseases (26.2%), pneumoconioses (24.6%), chronic voice disorders (13.6%), and hearing loss (9.8%). In total, they accounted for 74.2% of all occupational diseases. Occupational diseases were observed in all, without any exception, activities, but 89% of the cases were recorded in employees of the following six sections of the national economy: manu- Every fifth case (more precisely 22.6%) of the occupational disease was found in people at retirement age; for silicosis, this proportion exceeded 27%, and for malignant tumors it was 35% (Table 2) . It is also noteworthy that one third of lung cancers recognized as occupational disease were recognized posthumously. Occupational diseases in branches of the national economy Nr 2 165
The causes of occupational diseases in mining and quarrying were classic factors in the industry: coal dust and industrial dust containing free crystalline silica (80.2%), noise (10.2%), vibration (5.7%), ionizing radiation i.e. radon decay products (1.4%), forced working posture (1.6%). The contribution from other agents was 0.9%.
In Section C, manufacturing industry, the average number of employed people during 2009--2011 was 2483 thousand, and the incidence rate was 30.3/100 thousand. The highest values of the incidence rates were recorded among people working in the production of metals (169.8), non-metallic mineral products (81.6), motor vehicles and transport equipment (59.7), and chemicals (30.1) ( Table 4 ).
Predominant diseases in the manufacturing sector as a whole included hearing loss (22.6%), pneumoconioses (22%), diseases of the peripheral nervous system (15.7%), cancer (9.1%), musculoskeletal disorders (8%). Other diseases, such as thickening of the pleura caused by asbestos dust, dermal diseases, asthma, allergic rhinitis, vibration syndrome, poisonings, eye diseases and chronic obstructive bronchitis were also noted at incidences ranging from 1.1% to 4.3%.
This section is observed to represent the most diverse picture of morbidity as a consequence of the very wide range of activities classified into this group. In these industries, as many as 74.1% of all manufacturing workers were employed and as many as 87.1% of all occupational diseases were recognized. Occupational diseases prevailing in the manufacturing industry at highest incidence rates are shown in Table 5 . Manufacture of basic metals is the industry with the highest incidence of occupational diseases, exceeding more than 5-fold the incidence in the entire section (Table 5 ). Among workers employed in the production of metals, the dominant diseases included pneumoconiosis (40.4%), followed by hearing loss (27.1%) and cancer (13.7%). The individual types of pneumoconiosis included silicosis (83.8%), and asbestosis (10.8%), pneumoconiosis with tuberculosis (3.8%), and isolated cases of welders' pneumoconiosis and anthracosis. Factors responsible for the occupational diseases in the production of metals included primarily industrial dusts containing free crystalline silica, noise, asbestos dust, and polycyclic aromatic hydrocarbons.
Manufacture of non-metallic mineral products with the incidence rate of 81.57 per 100 employed people occupied the second place among the industries with the highest rate of incidence of occupational diseases. Asbestos-related diseases (asbestosis, pleural thickening, mesothelioma and lung cancers) accounted for 58% of all occupational diseases reported in that industry, as a consequence of occupational exposure to asbestos in several former asbestos processing plants classified in this group. The next most frequent diseases recorded in that industry included diseases of the peripheral nervous (8.6%) and the musculoskeletal (7.4%) systems, and hearing loss (5.1%).
The main causative agents of occupational diseases was asbestos, followed by industrial dusts containing free crystalline silica, forced working posture, and noise.
Among workers employed in the production of motor vehicles and transport equipment (including shipbuilding), the incidence rate of occupational diseases was 59.73 per 100 thousand employed people. The dominant disease in that group was hearing loss, which accounted for 55% of all identified diseases, followed by carpal tunnel syndrome (18.4%), musculoskeletal diseases (8.6%), cancer caused by asbestos dust (4.3%). Noise, forced working posture and asbestos dust were the main causes of the occupational diseases in this group of workers.
Manufacture of machinery and equipment with the incidence rate of 28.3/100 thousand employed, which was slightly lower than the average rate in the entire section, occupied the fifth place in terms of the frequency of occupational diseases. The major occupational diseases in this group were hearing loss (32%), silicosis (14.9%), carpal tunnel syndrome (9.9%), musculoskeletal disorders (9.2%), vibration syndrome (7%) and skin diseases (7%). The main causal factors of diseases reported in this section were: noise, industrial dust containing crystalline silica and forced working posture.
In the manufacture of chemicals and chemical products, where the average annual incidence rate was 30.09/100 thousand employed people, dominant diseases were: cancer accounting for 29% of diseases in this section (including cancer of lung 61%, bladder 17%, mesothelioma 12%, and cancer of larynx and skin), followed by asbestosis (3.4%), hearing loss (10.4%), poiso-ning with lead, fluoride, and manganese (9.1%), carpal tunnel syndrome (7.8%) and isolated cases of pleural thickening caused by asbestos dust, allergic rhinitis, skin diseases, musculoskeletal disorders, and cataracts.
Asbestos dust was the dominant factor responsible for the development of occupational diseases and the contribution of asbestos-related occupational diseases in that sector of production was 45%.
Among people employed in the manufacture of rubber and plastics, the incidence rate of occupational diseases was 27.28 per 100 thousand of employed people. The most common disease was asbestosis, representing 55% of all identified diseases, followed by cancer (13.8%), carpal tunnel syndrome (11.6%), musculoskeletal diseases (7.2%). The less frequent diseases included diffuse thickening of the pleura caused by asbestos dust, hearing loss, allergic contact dermatitis and vibration syndrome. Asbestos was the cause of 73.2% of occupational diseases in the industry. Another group comprised work demanding repetitive movements and forced working postures.
In the two following sections, i.e. the production of electrical equipment and the production of textiles and wearing apparel, the predominant diseases included carpal tunnel syndrome (47.5% and 54.5%, respectively) and musculoskeletal disorders (18.7% and 21.8%, respectively). In addition, people employed in the production of electrical equipment were affected by silicosis (16.2%), hearing loss (8.7%), allergic contact dermatitis (6.2%), while those employed in the manufacture of textiles and wearing apparel developed hearing loss (9.1%), allergic contact dermatitis (5.5%), cancer (mesothelioma, laryngeal and bladder cancer) and asthma. Major causative factors of the occupational diseases in both groups included jobs requiring repetitive movements, forced working posture, and noise.
In the industry of food and beverages, dominant occupational diseases were those caused by allergenic agents: asthma (32.5%), allergic rhinitis (25.3%), allergic contact dermatitis (7.1%); other occupational diseases in that industry included carpal tunnel syndrome (17.7%), musculoskeletal disorders (5.5%), and single cases of brucellosis, Lyme disease, erysipelas, and toxoplasmosis. The most common causes of the diseases prevailing in that industry were sensitizing agents, including flour dust, forced working posture, jobs requiring repetitive movements.
The construction industry (section F), consisting of three segments, employed 875.1 thousand persons. Most of them were workers performing specialized construction jobs -43.2%, as much as 37.3% of those workers were employed in the construction of buildings, while 19.5% performed civil engineering jobs. In the three years, in the construction industry there were 347 cases of occupational diseases, of which 5 cases were recorded in women. The incidence rate of occupational diseases was 13.1 per 100 thousand of the employed (Table 6 ).
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The most common diseases among the construction workers were pneumoconioses (44.9%). A much smaller number of those workers developed hearing loss (15.8%), cancer (10.1%), skin diseases (7.8%), musculoskeletal disorders (5.4%), vibration syndrome (5.2%). There were also a few cases of diseases of the peripheral nervous system, poisoning, diseases of the pleura caused by asbestos dust, chronic obstructive bronchitis, eye diseases and infectious diseases.
The average age of the employees at the time of recognizing of the occupational disease was almost 57 years, and the average period of occupational exposure was 25 years. As much as 72% of the cases developed the disease after at least 20 years of employment.
The intensity of the incidence and its structure varied depending on specific division of the construction industry. The highest incidence rate of 22 cases per 100 thousand of employed people was recorded among the workers employed in the construction of buildings and civil engineering. Slightly lower incidence (15.2 per 100 thousand) was noted among specialized construction workers. Pneumoconiosis was the most frequent occupational disease in both groups, accounting for over 50% of the cases. Anthracosis, followed by silicosis and pneumoconiosis with tuberculosis were the most frequent types of pneumoconiosis. Hearing loss and cancer were the next most common diseases in both groups (Table 7) . The dominant causal agents of occupational diseases in the two groups were dust containing coal or free crystalline silica, noise, forced working posture. The lowest incidence rate of the occupational diseases was recorded in the people employed in the construction of buildings -6.3 per 100 thousand, and the most common disease in that group was hearing loss, representing 27.4% of cases. Other reported occupational diseases in that category included allergic contact dermatitis (17.7%), pneumoconioses (11.3%) and musculoskeletal disorders (11.3%), cancer (9.7%), carpal tunnel syndrome (4.8%), pleural diseases caused by asbestos dust (3.2%) and lead poisoning (3.2%). Isolated cases of extrinsic alveolitis, asthma, acute generalized allergic reactions, cataract, vibration syndrome were also reported. The main causal factors of occupational disease occurring among construction workers were noise and cement-borne chromium.
In agriculture, forestry, hunting and fishing (Section A), the two major branches differed significantly in terms of both number of employees and the incidence of occupational diseases (Table 8) .
Among the people employed in agriculture and hunting, who constituted 97.7% of the workers in this section, 692 cases of occupational diseases were recorded, and the incidence rate was 10.67/100 thousand of the employed people, which was twice lower than the average rate in Poland. The most frequent were infectious and parasitic diseases, which constituted 82.1% of all diseases in this group, with the incidence of 8.09/100 thousand. The most numerous were the cases of Lyme disease (75.9%) and tick-borne encepha- Occupational diseases in branches of the national economy Nr 2 171 litis (8.1%). Cases of infectious and parasitic diseases also included tuberculosis, brucellosis, aspergillosis, liver and brain echinococcosis, ocular toxoplasmosis and toxocariasis. In addition to infectious and parasitic diseases, farmers also suffered from extrinsic alveolitis, asthma, allergic contact dermatitis, allergic rhinitis, and carpal tunnel syndrome.
Major factors causing occupational diseases in agriculture and farming were the borrelia spirochetes, vegetable dust, tick-borne encephalitis virus and dust of animal origin. The average age of the people with recognized occupational disease was almost 50 years.
In the relatively small group of forestry workers representing 2.2% of the total number of people employed in this section, there were 1081 cases of occupational diseases. The average annual incidence rate exceeded over 36-fold the incidence rate of occupational diseases in Poland. Among forestry workers, tick-borne diseases (525 cases of Lyme disease and 9 cases of tick-borne encephalitis) accounted for 96.3% of the reported cases of occupational diseases. The analysis of the incidence of Lyme disease by territory showed statistically significant correlation with the overall province's forest/agricultural land area ratio (rank correlation coefficient = 0.55, p < 0.05). In addition, this group had 35 cases of vibration disease, which accounted for 3.2% of the incidence of occupational diseases ( Table 9) .
The average age of forestry workers at the date of recognizing the occupational disease was slightly over 50 years.
Hearing loss was the only case of occupational disease recognized in the fishing division.
In education (Section P) the average annual number of employees was 1070 thousand people, of whom about 75% were women. During that period, there were 1182 cases of occupational diseases, and the incidence rate was 36.82 per 100 thousand employed people. Voice organ dysfunction caused by excessive vocal effort accounted for 95.7% of all occupational disease in that professional group. Occupational diseases in education employees were dominated by voice disorders, which most often occurred in the form of the paralysis of inner laryngeal muscles (61.2%) and secondary hypertrophic changes (33.4%).
In addition to the voice organ diseases, the very few cases of other diseases included infections, carpal tunnel syndrome, musculoskeletal disorders, skin lesions, hearing loss and pneumoconiosis was found in vocation teachers and other education section employees. The average period of service as teachers of the people with recognized chronic voice organ disease was about 30 years. The disease was recognized in people at the age of about 56, in over 23% of the cases it was recognized at the retirement age.
The average number of people employed in human health and social work activities (Section Q) in 2009--2011 was 747 thousand people per year, including 81% of women. During that period, there were 663 cases of occupational diseases, the incidence rate was 29.6 per 100 thousand employed people. Infectious diseases (68.3%) were most frequent, among which the most numerous were cases of viral hepatitis. In total, 284 cases of viral hepatitis were reported, including 213 cases of hepatitis C (incidence rate 9.5/100 thousand) and 71 cases of hepatitis B (3.2/100 thousand employed persons). The second-in-frequency infectious disease was tuberculosis (34.3%) with an incidence rate of 6.9/100 thousand. Other occupational diseases in that group were: skin diseases (8.9%), carpal tunnel syndrome (8.1%), musculoskeletal disorders (6%). Besides, there were few cases of ocular diseases, bronchial asthma, allergic rhinitis, ments, allergenic agents. The territorial analysis of the incidence of occupational hepatitis and tuberculosis among the employees of human health and social activities did not show correlation with the incidence of these diseases among the general population of each province (rank correlation coefficient was 0.058 and 0.007, respectively, p > 0.05).
DISCUSSION
The use of different diagnostic criteria, recognizing procedures and administrative practices in the process of recognizing a disease as occupational, as well as different social security and compensation systems prevailing in different countries cause that it is not possible to assess the incidence of occupational diseases in different countries by analyzing data from individual national registers; a conclusion like that has been confirmed by a recent analysis based on EU countries case records (6) . Causes of data-related imperfections in the records of occupational diseases are presented in the publication by Spreeuwers et al. (7), who highlight the impact of training of physicians on the recognizing of occupational diseases. Our present publication, based on the analysis of data from the registry, shows the incidence of occupational diseases in selected NACE-classified sections and divisions in Poland.
The analysis showed that, in the sections with a broad spectrum of activities, there is a significant variation in the extent and distribution of the incidence. This refers to three sections: manufacturing, construction and agriculture, forestry, hunting and fishing, for which the incidence of occupational diseases among employees was examined with reference to selected divisions. The highest incidence of the diseases caused by exposure to harmful agents in the work environment was found in heavy industries (mining, metallurgical, automotive and transport equipment manufacturing), and it was associated with exposure to traditional agents: industrial dust containing free crystalline silica, asbestos dust, noise, vibration and forced working posture. Asbestos, that has not been used in commercial production since 1998, in the manufacturing sector in 2009-2011 accounted for every fifth cause of occupational diseases (20.5%), of which over half (55%) were occupational cancers. The particularly low rates of incidence observed among farmers and workers of housing construction industry (about 2-fold and over 3-fold lower, respectively, than the national average) were undeniably due to social policy and the system of insurance and occupational disease compensation.
Specific situations, in which relatively high incidence rates were due to a single class of diseases, prevailed in forestry, where tick-borne diseases represented 96.3%, in education, which was dominated by chronic voice disorders constituting 96.5%, and human health and social work activities, where infectious disease with the predominance of hepatitis C accounted for 68.2% of the cases. It is worth to note the relatively low incidence of musculoskeletal disorders and peripheral nervous system diseases, which today are predominant diseases in the developed countries.
When looking at the incidence of occupational diseases with reference to the data from the registry, both underestimation and overestimation of the number of cases can be observed. Epidemiological analyses indicate that, in Poland, this is true about different diseases (8) . The causes responsible for the underestimation or overestimation include factors related to the diagnostic process (under-or over-recognition), in which the main role is played by the physician and employee's motivation based on the assessment of gains and losses arising from the status of formal recognition of the disease as occupational. Spreeuwers et al. (9) point to the importance of the quality of the data in the registry, qualifications of the occupational physicians deciding about the occupational character of the disease and, in particular, it is stressed that physicians of other specialties need to improve their qualifications in that respect. Underestimation of the cases may also be due to non-reporting of cases to the registry (under registration). McDonald (10) examines the availability of doctors and its relationship with considerable non-reporting (underreporting) of the cases of occupational diseases in various sectors of the economy. The data presented in this article is comprehensive as the result of the mandatory procedures for reporting all the cases of occupational diseases to the Central Register of Occupational Diseases.
CONCLUSIONS
The sections and divisions of the national economy characterized by the high risk of occupational disease indicated in this paper should be subject to careful supervision of working conditions. The high risk of developing specific diseases points to the necessity to develop and implement prevention and health conservation programs for people belonging to those occupational groups.
